The hopcalite (CuMnOx) catalyst is a well-known catalyst for oxidation of CO at ambient temperature. It has prepared by co-precipitation method and the preparation parameters were like Copper/Manganese (Cu:Mn) molar ratios, drying temperature, drying time, calcination temperature and calcination time has an influence on activity of the resultant catalyst. The activity of the catalyst was measured in flowing air calcinations (FAC) conditions. The reaction temperature was increased from ambient to a higher value at which complete oxidation of CO was achieved. The particle size, weight of catalyst and CO flow rate in the air were also influenced by the activity of the catalyst for CO oxidation. The characterizations of the catalysts were done by several techniques like XRD, FTIR, BET, SEM-EDX and XPS. These results were interpreted in terms of the structure of the active catalyst. The main aim of this paper was to identify the optimum preparation conditions of CuMnOx catalyst with respect to the performance of catalyst for CO oxidation.
Introduction
Carbon monoxide (CO) is well known as a silent killer (21 st Century) because it has no color, no smell, and no order. The CO is produced by incomplete combustion of any carbon-containing fuel (Coal, Petroleum, natural gas, etc.) [1] [2] . When CO enters into a human body by a respiration processes it combined with hemoglobin presence in a blood cell and converted into carboxyhemoglobin (CoHb). The binding ability of CO with hemoglobin is 200 times greater than oxygen [3] . The most common symptom of CO poisoning is a headache, nausea, dizziness, vomiting, lethargy and feeling weakness. The chronic exposure of CO causes cardiovascular or neurobehavioral effects created and acute exposure cause coma and death problems created [4] [5] .
A catalytic converter is used in automobile vehicles for emission control device that converts the toxic pollutants emission from the internal combustion engines into less toxic pollutants by a catalytic oxidation reaction [6] [7] . There are two diverse types of catalysts for CO oxidation at low temperatures have developed, the first one includes high surface area precious metal based catalysts and the second one incorporates the transition metal oxide-based catalysts [8, 9] . The hopcalite catalyst in the form of CuMnOx is a well-known catalyst for low-temperature CO oxidation process and its application in many different fields like air purification devices, fuel cells, gas masks and automobile emissions control purposes [10] . A literature survey reveals that CuMnOx catalyst is highly active in the amorphous state even at room temperature, but it has observed that the CuMnOx catalyst lose their activity after exposition at temperatures above 500 o C, where crystallization of the spinel CuMn2O4 was occurred [11, 12] .
The preparation method is affected by the structural properties of the catalysts, like particle size, shape, surface area, pore volume, pore size, phases and the strength of interaction, which in turn determined the redox property and reactivity of the final catalysts [13, 14] . A lot of interest has been given to modification of the CuMnOx catalyst to remove its faults of moisture for deactivation and lower activity [15, 16] . The optimization in CuMnOx catalyst during the preparation conditions like drying temperature, drying time, calcination temperature, calcination time and the molar ratio of Copper/Manganese (Cu:Mn) have improved the performance of CuMnOx catalysts for lowtemperature CO oxidation [17] . In this paper, we have investigated the effect of a broad range of preparation parameters to enable the optimal catalyst preparation procedure to be identified.
To date, there are various methods have applied to the preparation of CuMnOx catalysts; it's including sol-gel, ultrasonic aerosol pyrolysis, co-precipitation, supercritical antisolvent precipitation and the reduction methods [10, 18] . In the above methods, the co-precipitation method can produce the highly active sites of the CuMnOx catalyst [19, 20] . A co-precipitation method is used for the preparation of CuMnOx catalyst with a full range (Cu:Mn) in a CuMnOx solution, and after the precipitation conditions, the (Cu:Mn) ratio of the final catalyst is very similar to the (Cu 2+ : Mn 2+ ) ratio in the starting solutions [10, 21] . There are many things, which can be varied during the catalyst preparation by co-precipitation method and the subsequent calcination step for controlling the performance of catalyst for CO oxidation [22] .
The particle size of CuMnOx catalyst also influences the activity of the resulting catalyst. With the decreasing of particle size, the surface area of the catalyst increases, and more CO is oxidized into CO2 [23] . The drying temperature, calcination temperature and calcination time have a distinct effect on the catalyst performance, and its structure is analysis by TGA and X-ray diffraction results [23, 24] . The novel redox method has been allowed for room temperature preparation of amorphous CuMnOx catalyst with high surface areas and high catalytic activity for CO oxidation at ambient temperature [25] . The prepared CuMnOx catalyst in the flowing air calcination conditions (FAC) is characterization by several techniques like XRD, FTIR, BET, SEM-EDX and XPS. The structural, morphological and catalytic properties of CuMnOx catalyst is prepared by redox method in flowing air calcination (FAC) conditions as compare with the catalyst activity test results and their characterization work [26] [27] [28] . In this paper, we have studied the optimization preparation parameters of CuMnOx catalyst and their excellent performance for CO oxidation at a low temperature.
The main aim of this paper to understand the particular effects of a range of preparation variables are investigated in detail. The novelty of this paper to find out the optimum preparation parameters of CuMnOx catalyst to get the best activity results for CO oxidation at low temperature. Generally, the CuMnOx catalyst containing the copper and manganese mixed oxide phases are found to be the most active phases. The results are interpreted in terms of the structure of the active catalyst. The present research shows that CuMnOx catalyst preparation parameter is crucial importance in controlling the catalytic performance. We are now extending these previous studies to investigate the effect of a broad range of preparation parameters to enable the optimal catalyst preparation procedure to be identified. The unique finding in the precipitation and calcination conditions has a significant effect on the performance of CuMnOx, catalysts for CO oxidation at low temperature. The optimum drying temperature, time, particle size, and CO flow rate is first time investigated in this paper.
Experimental

Catalyst preparation
The CuMnOx catalyst is prepared by the coprecipitation method and all the materials use for the preparation of catalyst they are AR grade. The aqueous solution manganese acetate (Mn(CH3COO)2.4H2O) and copper(II) nitrate (Cu(NO3)2.2.5H2O) are premixed by stir-ring and precipitate by the addition of aqueous KMnO4 solution [10] . After precipitation filtering, washing the CuMnOx precursors several times with hot deionizer water. In the drying conditions, the temperature is varying from (25-140 o C) at constant time in an oven and calcine in flowing air, varying temperature (200-400 o C). The amount of Copper is added varying to the preparation of CuMnOx catalysts with nominal (Cu:Mn) molar ratios. After drying the precursors, their granules are crushed into powdered form for activity measurement purposes [18] .
Characterization of catalysts
The Scanning electron micrographs (SEM) produced the high-resolution image of the catalyst by an electron beam, and the image of the catalyst is recorded on Zeiss EVO 18 (SEM) instrument. The magnification images 5000X and the accelerating voltage 15 kV is applied. It provides information about the average aggregate size, crystallinity degree and the microstructures of the catalyst. The X-ray diffraction (XRD) analysis of the catalyst is conceded out by using Rigaku D/MAX-2400 diffractometer with Cu-Kα radiation at 40 kV and 40 mA. It is a rapid analytical technique primarily applied for the measurement of a crystal orientation, phase identification, crystallite size, unit cell dimensions and crystal defects, etc. The Fourier transforms infrared spectroscopy (FTIR) provides information about the kinds of material present in a catalyst sample surfaces by their peak values. The measurement is done by Shimadzu 8400 FTIR spectrometer in the range of 400-4000 cm -1 .
The X-ray photoelectron spectroscopy (XPS) analysis provides information about the surface compositions and chemical states of the basic elements present in a catalyst. It is measured with Amicus spectrometer equipped with Al Kα X-ray radiation at a voltage of 15 kV and current of 12 mA. The Brunauer-EmmettTeller analysis (BET) provides information about the specific surface area, pore volume and pore size of the catalyst. The isotherm is recorded by Micromeritics ASAP 2020 analyzer with the physical adsorption of N2 at the temperature of liquid nitrogen (-196 o C) with an average pressure range of 0.05-0.30 P/Po.
Catalytic activity measurements
The catalysts are tested for CO oxidation using a fixed-bed tabular flow reactor under the following reaction conditions: 100mg of the catalyst with feed gas consisting of a lean mixture of (2.5 vol.% CO) in air maintained at a total flow rate of 60 mL/min. The air feed is made free from moisture and CO2 by passing though it CaO and KOH pellets drying towers. The reaction temperature is started from ambient to 140 o C at a heating rate of 1 o C/min. The experimental apparatus setup for testing the catalyst in reaction system should be presented in below. The experimental apparatus setup for testing the CuMnOx catalyst for CO oxidation is shown in Figure 1 .
The rate of heating is controlled with the assist of a microprocessor based temperature controller. The catalytic experiments are conceded under the steady state conditions. The flow rate of CO and air were monitored with the help of digital gas flow meters. The gaseous Figure 1 . Experimental apparatus setup for testing the catalyst products are analyzed by an on-line gas chromatograph (Nucon Series 5765) equipped with a methaniser, Porapak Q column, and FID detector.
Mechanisms for CO oxidation reaction
In the CO oxidation process, the oxygen is first adsorbed on CuMnOx surface with the energy of activation. When the temperature is reached at adequate level, so the adsorption of oxygen reaches enough proportions, therefore any CO pass over the catalyst surfaces either reacts directly with the adsorbed oxygen or else first adsorbed and then reacts, after which the CO is converted. The catalytic air oxidation of CO to CO2 is the promising way to control the CO emission (Equation 1).
The distinct reaction mechanisms are consistent with the observed kinetics. The first mechanism represents the broadly accepted CO oxidation reaction on a CuMnOx catalyst surface that involves O2 adsorption to form O2 * precursors, which separate on a vicinal vacancy. In the second mechanism, O2 activation occurs via the kinetically applicable CO * -assisted O2 dissociation step without the specific involvement of stable O2 * precursors. The Co-precipitation method is allowed for the synthesis of amorphous catalysts with high surface areas and high catalytic performance.
Results and Discussion
The characterization of CuMnOx catalyst sample prepared in flowing air calcination (FAC) conditions was done by the different techniques and the activities of the catalyst for CO oxidation were discussed below.
Catalyst characterization
The characterization of the optimized CuMnOx catalyst prepared in flowing air calcination condition was provided information about the surface area, morphology, composition, binding energy, pore volume, pore size, chemical state and the percentage of different materials presence in a catalyst surface.
Morphology of the catalysts
The Scanning Electron Micrographs (SEM) instrument was used for the microstructure analysis of the optimized CuMnOx catalyst prepare in flowing air calcination (FAC) conditions. The CuMnOx catalyst was composed of different aggregates size of nanoparticles as shown in Figure 2 .
In Figure 2 , SEM micrographs the presence of the particles in a CuMnOx catalyst comprising coarse and excellent sizes in nature. The particles are normally least agglomerated, highly porous, high surface area and uniformly distributed. It is observed that the size of particles presence in a catalyst surfaces decreases by increasing the Mn contents in CuMnOx catalyst [29] . The presence of Mn phase has shown to stabilize smaller Cu metal crystallites. The particles presence in a catalyst surfaces is uniformly distributed over the all surface area of the catalyst. Due to the smaller particle size of catalyst, more and more CO dispersed on the surface of the catalyst. Therefore, the activity of the catalyst is increased [29, 30] . The surface rebuilding behavior of different size of particles presence in a catalyst surfaces during the period of prolonged exposure to CO gas. The drying of the precursor at 110 o C and calcination it 300 o C formation of a Cu1.2Mn1.8O4, and the high-temperature calcination oxidized all the impurities presence in a catalyst surfaces. 
Elemental analysis
In the CuMnOx catalyst, the percentages of different elements are present analysis by the Scanning Electron Microscopy (SEM) with Energy Dispersive X-Ray analysis (SEM-EDX) techniques. It is evident from the results of SEM-EDX analysis shown in Figure 3 that the CuMnOx catalyst is pure there will be not presence any types of impurities in a catalyst surfaces [19] . It is apparent from the table and figures that the atomic percentage of Mn is higher in comparison of Cu, O, and the weight proportion of Mn is also a greater in comparison of Cu and O [31] .
The element, weight (%), atomic (%) of CuMnOx catalyst are shown in Table 1 [18] . The atomic percentage of Cu, Mn, and O in the CuMnOx catalyst resulted by flowing air calcination condition is 14.47 %, 54.41 %, and 31.12 % respectively. The weight proportion of Cu, Mn, and O in this CuMnOx catalyst is 16.61 %, 56.38 %, and 27.01 % respectively. The atomic ratio of (Cu:Mn) in the CuMnOx catalyst is approximate, 0.294, and the weight ratio of (Cu:Mn) in the CuMnOx catalyst is around 0.265. It can be seen that CuMnOx catalyst has similar morphologies which composed of irregular size and shape particles. The reduction in crystallite size presence of the particles in CuMnOx catalyst can be attributed to the MnO2 acting as a simple spacer between Cu crystallites and subsequently preventing sintering during the heat treatment [26] .
The presence of lattice oxygen mobility species in the CuMnOx catalyst has enhanced the reaction rate and it might provide the more surface area of active oxygen species for CO oxidation reaction [10] . The morphologies are indicating that the types of precipitants and precursors have an influence on the catalyst performances. The abundant surface oxygen atoms presence on the catalyst surfaces can react with the absorbed CO and thus lead to a better catalytic activity in the Mars-van Krevelen type mechanism [32] . With the increasing Mn contents in CuMnOx catalyst, the pore size distributions become wider; therefore, moremore CO oxidized into CO2 [18] . The weight ratio percentage of (Cu:Mn) in the CuMnOx catalyst is similar to the ratio values use in the synthesis solutions.
Phase identification and cell dimensions
X-ray Diffraction (XRD) studies of the CuMnOx catalyst are carried out to identify the phases and oxidation states present in the sample. The XRD pattern of the CuMnOx catalyst produced by flowing air calcination (FAC) conditions is displayed in Figure 4 . The diffraction peak at 2θ is 37.20 corresponds to lattice plane (2 2 1) of face-centered cubic Cu1.2Mn1.8O4 (PDF-71-1144 JCPDS file). The crystallite size of the catalyst is 2.823 nm. The smaller size particles presence in a CuMnOx catalyst surfaces, therefore it is more active for CO oxidation at a low temperature. The calcination temperature 300 o C is found an optimum calcination temperature because raising the temperature beyond 300 o C a loss of crystalline has occurred and after some time the material is obtained almost entirely amorphous in nature [17, 33] . The interaction of CuO and MnOx, with the formation of a highly disorder mixed oxide, is the cause of higher catalytic activity for CO oxidation.
Identification of the materials presents in a catalyst
The identification of the metal-oxygen bonds present in the CuMnOx catalyst surfaces is made by Fourier transform infrared spectroscopy (FTIR) analysis. The different peaks are shows various types of chemical groups present on the catalyst surfaces. The FTIR transmission spectra of CuMnOx catalyst prepared in flowing air calcination (FAC) condition is shown in Figure 5 .
There are five peaks we obtained in the preparation of CuMnOx catalyst in flowing air calcination (FAC) conditions. The main stretching bond of Mn-O, CuO, CO3 2-and C=O group is present in this catalyst surfaces. The transmission spectra at 1630 cm -1 are assigned to a MnO2 group, 1290 cm -1 show CO3 2-group, and 540 cm -1 shows CuO group presence in a catalyst surfaces. The other phases like C=O and hydroxyl group are present at 2350 cm -1 and 3480 cm -1 , respectively. In the flowing air, calcination prepared CuMnOx catalyst; this originates from the stretching vibrations of the metal-oxygen bond and confirms the presence of CuO and MnO2 phases. The weak band at 1290 cm -1 indicates the presence of some carbonaceous group in the CuMnOx sample. The MnOx deposits in a CuMnOx catalyst are intimate contact with CuO crystallites and favoring oxygen transfer between the two metal oxides. This type of CuO-MnO2 structure interaction led to a formation of the Mn3O4 phase. The important thing that controls in the propagation of this CO oxidation reaction is the thermal diffusion of Cu and Mn cations.
Identification and quantification of elements
The oxidation state and binding energy of CuMnOx oxide are investigated by the X-ray photoelectron spectroscopy (XPS) analysis. It can be proposed that the higher binding energy is preferably for the oxidation reaction. In the below Figure 6 gen is very low in flowing air calcination prepare CuMnOx catalyst. It is a well known that high concentration of surface chemisorbed oxygen (as the most active oxygen) is preferable for enhancing the catalytic activity of CO oxidation reactio ns [34] . It is found that Mn(CH3COO)2.4H2O usually decomposed into MnO2 and Cu(NO3)2.3H2O usually decomposed into Cu(II) oxide form into the flowing air calcination conditions. In Table 2 Table 3 [34] [35] . Clearly, the textural property of CuMnOx catalyst is superior to active for CO conversion at low temperature. The average pore volume and pore size of CuMnOx catalyst are 0.460 cm 3 /g and 52.30 Å, respectively. The larger number of more pores presence on a catalyst surface, it means highly interaction of CO molecules with catalyst surfaces, and it has shown the better catalytic activity [26] .
The further calcination of CuMnOx precursor led to significantly decreasing the surface area of resulting catalyst. A correlation between the increasing of Mn concentration and the steady state CuMnOx catalyst activity is increased at certain levels is revealed [18] . From the characterization work, we can get that the phase composition and reduction properties of CuMnOx catalyst are highly depended on the (Cu:Mn) molar ratio [12] .
Activity test of CuMnOx catalyst
In the activity test, we have analyzed the effectiveness of resulting CuMnOx catalyst pre- 
Effects of (Cu:Mn) molar ratio
The CuMnOx catalyst has a high potential due to their high thermal stability, chemical resistance, and lower moisture poisoning. This catalyst is more efficient in comparison to Cu and Mn pure oxides. In this paper, we have studied the different molar ratio of copper and manganese (Cu:Mn) in a CuMnOx catalyst on the catalytic activity for CO oxidation. The amount of Cu is added vary with the preparation of CuMnOx catalysts with nominal (Cu:Mn) molar ratios of 1/2, 1/4, 1/6, 1/8, 1/10, and 1/12 [10] . In Figure 7 , we have found that there is two type of graphs, in the first graph the molar ratio of Mn is made constant, and the molar ratio of Cu is varied and in the second graph the molar ratio of Cu is made constant, and the molar ratio of Mn is varied. The amazing thing we have found out that the increasing Cu concentration more than 13 % in Cu-Mn catalysts has a depressing effect on the catalytic performance.
The activity of the catalyst increases with the increasing Mn concentration in the CuMnOx catalyst sample and the optimum molar ratio of (Cu:Mn) in the CuMnOx catalyst is (1:8) in the flowing air calcination conditions. The further increasing of Mn percentage in the CuMnOx catalyst the activity decreases. The CO oxidation efficiency was confirmed as a function of the (Cu:Mn) ratio and the reaction time. The binary Cu-Mn oxides have a flexible metal valences (Cu 1+ / 2+ and Mn 3+ / 4+ ) which give increase to their specific properties and excellent catalytic activity for CO oxidation [19] . The enhance catalytic performance can be explained by the improved lattice oxygen mobility, specific surface area, and pore volume into the CuMnOx catalysts. The binary CuMnOx mixed metal oxide has an excellent potential for practical applications to decrease CO in the atmosphere.
Effects of particle size
The size of particles presence in a catalyst surfaces is profoundly influenced by the reaction rate when the size of the particle is decreased; therefore their surface areas are increased and the ratio of catalyst surface area and reactant volume is playing a crucial role in controlling the reaction kinetics [32] . The reaction took place on the surface of the catalyst; therefore, increasing the surface area should raise the rate of reaction as well. The size and shape of the particles are a transaction between the lower pore diffusion effects. The particle size provides information about the responsive behavior of the catalysts in an individual process, and the effect of particle size might be attributed to the morphological changes [7] .
In Figure 8 , we have found that by reducing particle size, the activity of the catalyst increases. The sieve analysis is separate the different size of particle presence in a CuMnOx catalyst and the 60-micron (µ) particle size of CuMnOx catalyst is the optimum size of the Figure 7 . The molar ratio of (Cu:Mn) in CuMnOx catalyst, A) the Cu is varied, and Mn is made constant, B) the Mn is varied, and Cu is made constant catalyst for CO oxidation at a low temperature. When the size of particles presence in a catalyst surfaces is smaller than 10 nanometers, it containing about 10,000 atoms of catalyst and the movements of electrons in the metal are confined, so their internal energies are increases. The size, shape, and morphology of the CuMnOx catalyst particles are confirmed by the SEM, XRD, and BET characterization [36] .
Effects of drying temperature
The activity of catalysts is carrying out to compare the efficiency produced by drying the precursor at different temperatures (22-120 o C) for 12 h in flowing air calcination for CO oxidation. It can be seen from the Figure 9 , that the activity of resulting catalyst increases with the increasing drying temperature of the precursor up to 110 o C, and further increasing the drying temperature, the activity decreases. Thus, the optimum drying temperature of the precursor is 110 o C, which produced the catalyst exhibiting the highest activity for 100 % CO conversion at 120 o C. The temperature at which precipitation is carrying out does not significantly affect the bulk (Cu:Mn) ratio of the precipitate [37] .
The activity of the final catalyst increases with the increasing of the precipitate drying temperature and from the activity test we have got the optimum drying temperature, of CuMnOx catalyst. In this case, 110 o C is considered to be a possible maximum operating temperature of the CuMnOx catalyst for CO oxidation. The activity of the catalyst for CO oxidation is influenced by the surface area, crystallinity and the presence of Cu 2+ and Mn 3+ ions on the surface of catalyst [25] .
Effects of drying time
The drying steps showed a strong influence on the preparation of the final catalyst. The catalytic activity for the oxidation of CO is investigated in the range of materials and the activity with respect to time online. The drying times of CuMnOx precursor is intense influences the performance of resulting catalyst. The drying time highly effects on the catalyst activity as shown in Figure 10 . The catalytic activity increases with the increasing of drying time up to 12 h of the precursor at a fixed temperature of 110 o C. Therefore, at the temperature with further increasing the drying time the activity of the catalyst decreases. This result shows that drying the precipitate under these conditions for 12 h gives the highest CO conversion. During the drying period, the solution may be retained by the porous support, and it may be migrated by capillary flow and diffusion, therefore; the solute redistributed by desorption and re-adsorption [12] . When the solvent evaporates, precipitation of solute happens as the solution becomes supersaturated and brings crystallization of the precursors in the pores and an outer surface of the carrier.
The solvent is removing during the drying process, and the concentration of precursor will raise therefore the critical super saturation, precipitation will take place. The weakly interacting species can transfer over macroscopic distances during the drying step. The potential of drying is the effect on the volumetric heating of the material, removing the need for heat transport from the outer edge of the particle toward the center. The uniform drying reduces the convection so that more similar distributions are obtained in a catalyst. When the dry- Figure 8 . The optimization in the particle size of CuMnOx (CuMn8) catalyst Figure 9 . The optimization in the drying temperature of CuMnOx (CuMn8) catalyst ing is performing at rapid enough rates, it causes the gel to fragment into granules having the desired mean particle size.
Effects of calcination temperature
The calcination temperature of the precursor is highly affected on the performance of resulting catalyst so that it is necessary to find out the optimum calcination temperature of the catalyst. The calcination temperature of the catalyst is followed between the (200-400 o C) in a flowing air calcination conditions. The percentage of CO oxidation is shown in Figure 11 . With the increasing calcination temperature of the precursor, the catalytic activity is increasing, and it could be observed before reached to 300 o C temperature [15] .
The optimum calcination temperature of CuMnOx catalyst is 300 o C and further increasing calcination temperature the activity is decreased. There was a correlation between the surface area and the calcination temperature of the catalyst [38] . When the calcination temperature of CuMnOx precursor was increased above 300 o C, the exterior area decreased and analyzed by BET measurement. The crystallinity is also increased as the increasing calcination temperature of the precursor; therefore the diffraction peaks at the XRD analysis is more crystalline phases produce by calcination at 200-400 o C of temperature. The catalyst calcined at 300 o C for 2 h showed the best catalytic activity for complete oxidation of CO at 120 o C temperature. The increasing calcination temperature raises the oxidation of excess Cu 2+ ions and decreases the concentration of surface oxygen vacancies; as a result the formation of stoichiometric CuMnOx catalyst [37, 38] .
Effects of calcination time
The calcination processes produce a series of less crystalline or amorphous catalyst systems with greater active surface areas. The long time calcinations process might destroy the porous nature of the materials; it causes the catalytic activity of the catalyst is decreased. The catalyst produced under the flowing air calcination conditions still displayed many of the crystalline phase's presence on the catalyst surfaces. On rising the calcination time at a fixed temperature 300 °C, a loss of crystallinity has occurred within the catalyst taking on an amorphous composition [10] .
To optimize the calcinations time of CuMnOx precursor, at a fixed temperature of 300 o C is shown in Figure 12 . The calcination time periods of 1 h 30 min, 2 h, 2 h 30 min, and 3 h were selected and the CO conversions achieved over these catalysts were 82, 90, 100, 95, and 85 %, respectively. After the catalytic activity test, we have found out that the optimum calcination period of CuMnOx catalyst is 2 h and further increasing calcination time period the activity is decreased [17] . It is highly evident from these results that the calcination step is performing an important role to producing active catalysts for CO oxidation. In the calcination process, the precursor is kept in air for 2 h at 300 °C; therefore it creates the active catalyst for CO oxidation. When the calcination time period is raised more than 2 h, therefore the number of active sites presence on the surface of the catalyst is blocked so that the ability of the catalyst for CO oxidation decreases. The rate of CO oxidation is proportional to the weight of catalyst. In Figure 13 , the weight of catalyst is varying from 50 to 160 mg with the constant value of temperature and feed composition. In the catalytic reaction, the amount of catalyst is used for the CO oxidation reaction plays an essential role since the optimization of them can further improve the composition of the catalyst [10] . The external mass transfer did not limit the conversion rate when the temperature of the catalyst is raised; therefore the coverage of surfaces by CO oxidation will start to decreases. The rate of reaction between the adsorbed CO molecules and the oxygen atoms is relatively fast, even at ambient temperature [39] .
The surface area, oxidation states, crystallinity which strongly influences on the catalytic properties and it can be controlled by changing the catalyst composition, metal concentration, additive concentration in the mother liquid, precipitation temperature, and calcination temperature, etc. [17] . All the reaction is carried out in the steady state conditions. The experiment is demonstrated as a higher catalyst weight leads to longer contact time, further, leads to a better catalytic performance. The CO conversions achieved over the different weight of catalysts like 50, 75, 100, 125, and 150 mg are 72, 85, 100, 92, and 80 %, respectively. After the catalytic activity test, we have found out that the optimum weight of catalyst is 100 mg and further increases the weight of catalyst the activity is decreased. It can be confirmed that the optimization of the process parameters simultaneously improves catalyst performance for CO oxidation [14] .
Effects of different CO flow rate
The binding energy of CO has depended upon the concentration of vacancies presence in a catalyst surfaces during steady-state conditions. The enthalpy of CO adsorption is represented the strongest contributor to the effects of temperature on effective CO oxidation rate constants [36, 40] . In Figure 14 , we have observed that the flow rate of CO is varying from 1.0 to 1.75 mL/min, and the optimum flow rate of CO for CO oxidation is 1.5 mL/min. The further increases the CO flow rate the activity of the catalyst is decreased. The different flow rates could results if the catalyst particles are packed at various densities, as this leads to various pressure drops over the catalyst bed [35] .
At the higher temperature, the CO production is an increase due to the lattice oxygen is consumed with simultaneously CO oxidation. In the process of reactants, adsorption is considered as an exothermic process, while the products desorption is considered as an endothermic [28] . The increase oxidation rates are correlated with the appearance of a "reactive" CO species which existed in significant amounts only during intermittent operation [27] . The homogeneous nature of CuMnOx catalyst is an important factors effect on the high catalytic activity [12] . The CO oxidation rate enhancement is possible only if the surface is exposed to oxygen for a minimum period without any CO being present in the gas phase [32] . 
Interpretation of treatment effect
It is clear that the precipitation and calcination conditions have an important effect on the performance of CuMnOx catalyst for CO oxidation at low temperature. In Table 4 , we have mentioned that the optimum preparation parameters and the experimental conditions of CuMnOx catalyst. In this study, the optimum molar ratio of (Cu:Mn) in CuMnOx catalyst was (1:8) and this ratio same as the previous paper results, i.e. Njagi et al. [10] , examined the results the catalytic activity maxima for CuMnOx catalysts at a (Cu:Mn) molar ratio of 10/80.
In the activity test, we have observed that the increasing drying temperature and time of CuMnOx catalyst beyond their optimum drying temperature, the activity was decreased. In this test, the optimum drying temperature and time of CuMnOx precursor was 110 o C for 12 h. According to Hutchings et al. [17] and Mirzaei et al. [28] the optimum drying temperature and time of CuMnOx precursor was 120 o C for 16 h and 80 o C for 24 h, respectively. The calcination temperature also influences the activity of the resulting catalyst for CO oxidation. According to Solsona et al. [38] , the CuMnOx catalyst calcined at 200 o C were considerably more amorphous and no crystalline phase could be clearly identified. The crystallinity of the catalyst increases as the calcination temperature increases and when more crystalline catalysts produced by calcination at 400 to 500 o C with the optimum calcination temperature and time of CuMnOx catalyst was 300 o C at 2 h respectively. From the previous study [17] , we observed the importance of calcination temperature and time with respect to catalyst activity. According to Njagi et al. [10] , the optimum calcination temperature of CuMnOx catalyst was 300 o C and it is same as the present experimental results. Hutchings et al. [17] have reported that high-temperature calcinations of CuMnOx precursor were deleterious to catalytic activity. When we compare our experimental results of optimum calcination time of CuMnOx catalyst with the previous research report [10, 12] , we have found out that 2 h is the optimum time for calcination.
In the activity test, we have checked that the optimum flow rate of CO was 1.5 mL/min and further increase or decrease the CO flow rate the activity of catalyst decreases. According to Njagi et al. [10] , Solsona et al. [38] , Mirzaei et al. [28] , and Cai et al. [19] the optimum flow rate of CO was 1 mL/min, 1 mL/min, 5 mL/min, and 1 mL/min, respectively. Hutchings et al. [17] and Kramer et al. [18] also found out that the optimum flow rate of CO in the CO oxidation process is 5 mL/min and 0.25 mL/min, respectively. The optimum weight of catalyst presence in the reactor also influences their activity for CO oxidation. Hutchings et al. [17] and Solsona et al. [38] have investigated that the optimum weight of the catalyst for CO oxidation was 100 mg [40] . In this study, we have found out that the opti- Weight of catalyst (mg) 100
CO flow rate (mL/min) 1.5 Figure 13 . The optimum flow rate of CO in the CuMnOx (CuMn8) catalyst for CO oxidation mum weight of the catalyst is 100 mg and further increase or decrease the weight of the catalyst; therefore the activity of the catalyst for CO oxidation decreases. In this way, we have benchmarked the performance of CuMnOx catalyst with the previously reported works.
Conclusions
Many factors which can be varied during the catalyst prepared by co-precipitation method and the subsequent calcination steps are important in controlling the activity of CuMnOx catalysts for low-temperature CO oxidation. The preparation conditions of CuMnOx catalyst for getting excellent catalytic activity are 1/8 (Cu:Mn) ratio at 110 o C drying temperature for 12 h, followed by calcination at 300 o C for 2 h. The optimum operating parameters for CO oxidation are the 100 mg weight of catalyst at a flow rate of CO (1.5 mL/min) with the optimum particle size is 60 µm(micron) used. However, the results presented in this study, clear that the precipitation and calcination conditions are applied in the preparation procedure are crucial importance.
In particular, the catalyst drying and calcination conditions have found to be the most significance and control of these parameters should be incorporated into the design of experimental programmed. In the catalytic CO oxidation, process the O2 plays a major role in two different ways. In the first O2 molecules may react immediately with CO reduction products of the catalysts thus regaining the initial composition, therefore, these are get activated for a catalytic oxidation of CO molecules thus eliminating them from the gas atmosphere. The extraordinary performance of CuMnOx catalyst prepared by flowing air calcination conditions for CO oxidation is associated with the modification in inherent textural and morphological characteristics such as surface area, crystallite size, particle size, and oxygen deficient faulty composition which creates the high density of active sites.
